The pattern of polyadenylated messenger RNA (mRNA) synthesis in BHK cell monolayers, infected under defined conditions with herpes simplex type I virus has been investigated by polyacrylamide gel electrophoresis of pulse-labelled RNA isolated by oligo dT-cellulose chromatography. Two classes of mRNA molecules were synthesized in infected cells; these were not detected in uninfected cells. The rate of synthesis of the larger, 18 to 3oS RNA class reached a maximum soon after infection and then declined, whereas the rate of synthesis of the 7 to I I S RNA class did not reach a maximum until much later and did not decline. In the presence of cytosine arabinoside, the rate of mRNA synthesis in infected cells was reduced but the electrophoretic pattern remained the same.
INTRODUCTION
The fact that most messenger RNA (mRNA) molecules present in eukaryotic cells have an isoplith of polyadenylic acid (poly A) at the 3' end of the molecule is now well established. Poly A has also been detected in the virus-specific mRNA made in eukaryotic cells infected by viruses containing DNA (e.g. Kates, 197o ) . There have been two reports that herpes virus-specific RNA molecules contain poly A, both determined from the resistance of the RNA species at moderate ionic strength to pancreatic and T1 ribonuclease mixtures (Bachenheimer & Roizman, 1972; Rakusanova, Ben-Porat & Kaplan, 1972 ) .
Recently, Frenkel & Roizman (I97Z) , using a liquid kinetic hybridization system in RNA excess, have demonstrated that there are, in cells infected with herpes simplex virus type I (HSV-I), two classes of virus-specific RNA molecules differing in relative molar abundance. Under their conditions, by 2 h after infection of HEp z cells with type I virus, 44 ~ of the herpes genome was transcribed, and the two classes of RNA, 'abundant' and 'scarce', differed in molar concentration by I4o-fold and represented, respectively, I4 ~ and 3o ~ of the genome (28 ~ and 6o ~ of the coding potential). Eight hours after infection, a further 4 ~ of the genome was transcribed abundantly, and the two classes differed in molar concentration by 4o-fold. Further experiments (Silverstein et al. 1973) indicated that the abundant RNA species were adenylated whereas the scarce were not, and represented 99"3 ~ to 93"5 ~ of the virus-specific RNA present in the cells early and late in infection, respectively. It was suggested that the abundant RNA molecules coded for the structural polypeptides, whereas the scarce RNA molecules coded for non-structural polypeptides.
Analysis of the polypeptides synthesized in herpes-infected HEp 2 cells (Honess & Roizman, 1973) demonstrated that this hypothesis was an over-simplification since, even though the molar rates of synthesis of the two RNA classes differed, the rates of manufacture of structural and non-structural polypeptides were similar.
It has been known for some time that virus-specific RNA species appear in the nucleus as large molecules (4o to 6oS) which are then cleaved before entry into the cytoplasm and polyribosome formation (Roizman et aL I97O ) . Virus-specific pulse-labelled RNA from polyribosomes is found between to and 30 S on sucrose gradients using hybridization techniques (Hay et aL I966; Flanagan, I967; Roizman et aL I97O) .
This paper reports an investigation of polyadenylated messenger RNA synthesis in herpes virus-infected cells, using oligo dT-cellulose to select these molecules. The size and molecular specificity of this RNA fraction at various times after infection has been examined in an attempt to elucidate further the pattern of mRNA synthesis in herpesinfected cells.
METHODS

Cells.
Baby hamster kidney (BHK 2t CI3) cells were grown in supplemented Eagle's medium containing IO ~ tryptose phosphate broth and to ~ calf serum (ETC) (Vantsis & Wildy, I962) , using roller bottles.
Virus strain. Herpes simplex type ~ virus strain HFEM was used in all experiments. Virus stocks were prepared by infection of BHK cells at low multiplicity. Infectivity titrations were done by plaque assay in monolayers with an overlay of CMC.
Standard infection system. 2 oz screw-capped medical flat bottles were seeded with about 7"5 x ro s BHK cells in 5 ml of supplemented Eagle's medium containing to ~ calf serum (ECro) gassed with 2"5 ml CO~ and placed in a hot room at 37 °C for 24 h. All subsequent procedures were carried out in the room. After removal of the ECIo, the monolayers were infected with o'5 ml of stock virus suspension diluted to contain 6 x lO s monolayer p.f.u./ml, a multiplicity of 40 p.f.u./cell. The virus was allowed to adsorb for 30 rain with gentle rocking, the virus suspension removed, the monolayers washed with supplemented Eagle's medium containing 5 ~ calf serum (EC5), and finally ~.5 ml of EC5 added. The bottles were left at 37 °C for the infection to proceed. Mock-infected monolayers were handled in the same way, using 0"5 ml of ECIo instead of the virus suspension. Virus growth was determined by removal of duplicate infected monolayers at selected intervals and measurement of the infectious virus present by the suspension plaque technique (Russell, I962) . Infective centre assays were done, making use of trypsin to inactivate free virus (Ross, Cameron & Wildy, I972) .
Thymidine kinase. The thymidine kinase activity of concentrated cell sonicates was determined as described by Thouless (r972).
Pulse-labelling. All isotope-labelled chemicals were purchased from the Radiochemical Centre, Amersham, Buckinghamshire, and all labelling was done in EC5 medium.
Virus DNA synthesis. Duplicate monolayers of cells infected as described were labelled with 25 #Ci [methyl-aH]-thymidine 05 to 3o Ci/mmol) for 3o min commencing 15 min before the required time point. The bottles were placed in an ice-water bath to terminate labelling, the medium removed, and the DNA extracted from the cells.
Messenger RNA synthesis. Infected or mock-infected monolayers (under I-5 ml of EC5) were labelled with 75 #Ci of [5-3H] Use of inhibitors. Cytosine arabinoside: monolayers of cells were treated for 30 min with 5o/,g/ml of cytosine arabinoside hydrochloride (Sigma) in EC5 immediately before infection. The virus inoculum and all medium used for the washing procedures contained the inhibitor and it was present throughout the labelling period.
Cordycepin (3' deoxyadenosine) (Sigma): 75 #1 of cordycepin solution (I mg/ml) was added to infected cell monolayers 65 min after infection, to give a final concentration of 5o#g/ml (Darnell et al. I97Ia) . Virus growth and thymidine kinase levels in similarly treated cells were determined 2"5 and 8 h after infection.
RNA extraction. Pulse-labelled cells were harvested, washed with o't5 M-NaC1, 4 mMphosphate, pH7"2 (PBS), resuspended in o.14M-NaC1, o.ooI5M-MgC12, o.oi M-tris, pH 8"5 at 4 °C (5 × lO6 cells/ml) and extracted with phenol at o °C in the presence of I 9/oo Tween-4o and o. 5 ~ deoxycholate as described by Atherton & Darby (I974) . The phenol phase was re-extracted with o.oi M-tris buffer, pH 9-0 (Brawerman, Mendecki & Lee, I972) , and the aqueous phases combined and extracted with an equal vol. of phenol +chloro-form+amylalcohol (24:24: t). The RNA was precipitated by the addition of 2 vol. of ethanol overnight at -2o °C.
Isolation of polyadenylated RNA using oligo dT-cellulose (Aviv & Leder, 1972) . Ten mg columns of oligo dT-cellulose (G. D. Searle, Ltd, High Wycombe, Bucks) were made up in glass wool-stoppered Pasteur pipettes. The columns were washed first with z ml of o'5 M-KOH and then extensively with at least 2o ml ofpoly A buffer (o'5 M-KC1, o-ooI M-MgC12, o.oi Mtris, pH 7"6, at 25 °C), and the flow rate adjusted to approx, o'5 ml/min. For the primary isolation of mRNA from cytoplasmic extracts, 2oo #g of yeast RNA (BDH-purified by nine consecutive phenol extractions) was co-precipitated with the extracted cytoplasmic RNA by ethanol at -2o °C. RNA precipitates were dissolved in o'5 ml of poly A buffer at 4 °C containing o'5 ~ (v/v) Sarcosyl (N-lauryl sarcosine -Geigy, Industrial Chemicals) and loaded on to the columns. The oligo dT-cellulose was washed three times with z.o ml of poly A buffer and once with I ml of poly A buffer at 25 °C. Each wash fraction from the column was collected separately and a portion of each assessed for trichloracetic acid (TCA) precipitable radioactivity. The RNA which bound under these conditions was then eluted with 2 ml of o.oi M-tris (pH 7"4 at 25 °C) containing 0"5 ~ (v/v) SDS at 37 °C. A 25/~1 sample of this fraction was assessed for radioactivity precipitable by TCA; the remainder was made o.I M-NaC1 and the RNA precipitated with 2 vol. of ethanol at -2o °C overnight. Thirty-five #g of yeast RNA was co-precipitated as carrier RNA.
The selectivity and efficiency of the oligo dT-cellulose columns for binding polyadenylated RNA were checked by adding a mixture of [3H]-rRNA from BHK cells and [~2p]_,26 S' mRNA isolated from Semliki Forest virus-infected cells (given by Dr S. I. T. Kennedy: Clegg & Kennedy, 1974) which contains an isoplith ofpoly A, to the columns under identical conditions to those used for the isolation of polyadenylated RNA from cytoplasmic extracts. It was found that 8o ~ of the ' 26 S' mRNA bound at high ionic strength, whereas only o'5 ~ of the rRNA bound. Gel electrophoresis of the bound RNA showed no indication of RNA degradation.
Ribonuclease treatment of RNA. The RNA sample was dissolved in 5o #1 of TNE buffer (0"2 M-NaCI, 0"005 M-EDTA, 0"05 M-tris, pH 8"o at 4 °C) and a suitable fraction added to 0"9 ml of o"I4 M-NaC1, o'oo15 M-MgC12, o.oi i-tris (pH 8"5 at 4 °C). Twenty-five #1 of a I mg/ml solution of electrophoretically pure, RNase-free DNase (Worthington Biochemicals) was added and the solution incubated for 30 min at 37 °C. One tenth of a ml of 0"3 M-EDTA was then added, followed by zo #1 of a ribonuclease mixture which contained I mg/ml RNase A (Sigma) and 300o units/ml T1 RNase (Worthington Biochemicals) to 21-2 T.J.R. HARRIS AND P. WILDY give a final concentration of IO/~g/ml RNase A, and 30 units/ml T1 RNase. After further incubation at 37 °C for 30 min, the total acid precipitable radioactivity was measured.
DNA extraction. Ten million cells were scraped into each ml of high salt buffer (0"5 MNaC1, 0"05 M-MgCI~, o.oI M-tris, pH 7"4 at 4 °C) made 0"5 ~ (v/v) SDS and incubated at 55 °C for ~o rain. An equal volume of phenol was then added and mixed and the incubation continued for a further IO min. The aqueous phase was re-extracted with phenol + chloroform+amyl alcohol (24:24: I) at 55 °C for Io rain, and the DNA spooled after ethanol precipitation.
Caesium chloride gradients. A stock solution of 5"6 M-caesium chloride (95"5 ~, w/v, CsC1; Hopkin & Williams)was made up in water (refractive index of ~'3995 to ~'4ooo). 4"5 ml of this solution was mixed with 50 #l of DNA sample (TNE buffer) and centrifuged at I5 °C for 60 h at 80000 g (35ooo rev/min MSE AR 50 rotor). Gradients were harvested in 0.2 ml fractions from the bottom of the tubes and assessed for TCA precipitable radioactivity and refractive index. The density of each fraction was calculated from refractive index measurements.
Polyacrylamide gel electropkoresis. RNA samples were analysed on 2"2 ~oo polyacrylamide gels containing 0"5 ~ agarose (Peacock & Dingman, I968 ) . Five ml of stock acrylamide solution 05 ~, w/v, acrylamide; 0"75 ~ w/v NN' methylene bisacrylamide) was added to 6.8 ml of gel electrophoresis buffer (o.I5 M-NaH2PO4.2H20, o'oo45 M-EDTA, o.t 8 M-tris, pH 7"8 at 25 °C) in a pre-warmed glass beaker. A hot solution of o'~7o g of agarose (for electrophoresis, BDH) in 22. 7 ml of water was then added, followed by 25 #1 of NNN'N tetramethylethylene diamine and 0.25 ml to ~ (w/v) ammonium persulphate. After mixing, the solution was quickly dispensed into eight o.6 cm x Io cm glass tubes, left 30 rain at room temperature, and overnight at 4 °C. The gels were trimmed to size and the RNA sample applied in 50 #I of TNE buffer containing to ~ (w/v) sucrose, 0.2 ~ SDS, made 4"0 M with respect to urea. [3~P]-labelled rRNA from BHK cells was included in each gel as marker RNA species. The gels were subjected to electrophoresis in gel buffer diluted five times, made o.2 ~ SDS, at 5 mA/gel for the stated times. Radioactivity profiles were obtained by slicing the gels, swelling the slices by soaking overnight at 37 °C in Soluene-Ioo and measuring the activity by liquid scintillation, using a toluene based scintillation fluid.
Preparation of purified herpes virus DNA. Enveloped herpes virus was purified from the medium over infected HEp 2 cells by polyethylene glycol precipitation and sucrose gradient sedimentation (Powell, ~973) . Virus was precipitated by adjusting the clarified supernatant fluid to o'5 M-NaCI and 8 ~o polyethylene glycol (P.E.G. 6000 BDH). Virus was resuspended in TNE buffer and loaded on to a pre-formed linear 5 ~ to 45 ~ (w/v) sucrose gradient in TNE buffer and centrifuged at 24 ooo g (I 5 ooo rev/min MSE SW2I rotor) for 45 min at 4 °C. The virus band was removed and pelleted by centrifuging at 45ooog for 2 h at 4 °C.
Virus DNA was extracted from the resuspended sucrose pellet (TNE buffer) by the hot phenol + SDS procedure and the dried spooled DNA dissolved in TNE buffer. Preparative caesium chloride gradients (5"0 ml) were prepared by adding caesium chloride to the DNA solution (5 ° #g/ml) to give a refractive index of 1.3995 to ~.4ooo and were run as described. The fractions containing virus DNA were combined and ethanol-precipitated, and the DNA dissolved in 2 × SSC (SSC is O'I 5 M-NaC1, o'o~5 M-sodium citrate, pH 7"o). Experiments using labelled cells showed that there was no host DNA present in sucrose pelleted virus fractions.
BHK cell DNA was extracted by hot phenol+ SDS. The spooled DNA was dissolved in TNE buffer and treated for 30 rain at 37 °C with 50 #g/ml of pancreatic ribonuclease. Three extractions with phenol succeeded this treatment, followed by ethanol precipitation. Purified Escherichia coli DNA was a gift from Dr G. K. Darby. Molecular hybridization in formamide. Formamide membrane hybridization was done as described by Dunn et al. (1973) . One hundred and sixty #g of DNA in 4 ml of o'I x SSC were sonicated for 5 min at o °C using a probe sonicator at maximum efficiency (MSE Instruments, Crawley, Sussex) and I ml samples sealed in Pyrex tubes. The DNA was denatured at ioo °C for 15 rain and cooled rapidly, o-I ml samples added to 5 ml of z x SSC at o °C and filtered slowly through pre-soaked (for 24 h in 2 x SSC) z'5 cm cellulose nitrate membranes (Sartorius SM ~3o6 Membranfilter) in a Millipore microanalysis apparatus. The DNA (4 #g) was immobilized by incubating the membranes at 8o °C for 4 h in new glass scintillation vials (Packard). One ml of 5 ° ~o formamide (Analar, BDH) in 5 x SSC containing o.I ~ SDS was added before the hybridization commenced. Messenger RNA was denatured in 7o ~ formamide at 80 °C for 15 min in sealed Pyrex tubes, cooled rapidly and added to the vials containing the membrane filters. These were then incubated in a shaking water bath at 45 °C for Iooh. Following incubation the membranes were removed, rinsed in 2 x SSC and washed extensively on both sides with 3 x 2o ml of 2 x SSC in a millipore filtration apparatus. They were then incubated in 5 ml of 2 x SSC containing 20 #g/ml of pre-heated pancreatic ribonuclease at 37 °C for 30 rain, rinsed and the washing procedure repeated. After drying at 80 °C, the bound radioactivity was assessed by scintillation counting. 
RESULTS
Kinetics of virus growth
The methods of study of RNA synthesis were devised so that experiments should be reproducible and simple (see Methods). Manipulations were reduced to the minimum necessary and probably, for this reason, the kinetics of virus multiplication appear much accelerated (cf. Russell et al. I964; Wilkie, I973 ) . Using an added input multiplicity of 4o p.f.u./celt (see Methods), it is clear that infectious progeny virus appeared at least by 4 h and that synthesis was virtually complete by 8 to ~o h after infection (Fig. 0 . Thymidine kinase enzyme activity, which is almost certainly a virus-specified function (Thouless, I972; Honess & Watson, ~974), began increasing by z h and reached maximum activity by 6 h after infection (Fig. 0. The synthesis of virus DNA was also examined. Monolayers of BHK cells were infected as above and pH]-thymidine was added to the medium (see Methods). DNA was extracted and centrifuged to equilibrium in casesium chloride gradients in order to distinguish virus and host cell DNA. It was clear (Fig. 2) that virus DNA was synthesized from 1.5 h after infection and reached a maximum rate of synthesis between 3 and 4"5 h. On the other hand, host DNA synthesis began to wane at I'5 h after infection and was reduced to Io % by 6 h.
Synthesis of polyadenylated RNA
The rate of synthesis of polyadenylated mRNA at various times throughout virus growth was assessed by fractionation of the RNA, extracted from the cytoplasm of cells, by affinity chromatography on oligo dT-cellulose. For the isolation of mRNA from infected BHK cells, duplicate cell monolayers were infected or mock-infected, as described in Methods, and labelled at various times for 45 min with [3H]-uridine. At the end of the pulse, total cytoplasmic RNA was extracted from the cells and precipitated with zoo #g of purified yeast RNA by ethanol at -2o °C. The RNA precipitate was dissolved in poly A buffer and added to the oligo dT-cellulose. The RNA which bound was eluted with low salt+SDS buffer and precipitated with ethanol for further analysis (see later). Fig. 3 shows the amount of labelled RNA extracted and the amount bound to oligo dT-cellulose during infection. The mock-infected cells showed a consistently lower level of RNA binding to oligo dTcellulose than that found for infected ceils; there was a pronounced increase in the amount of RNA that bound to the columns from cytoplasmic extracts of infected cells, particularly early in the infection (see 2 h point, Fig. 3) . By 8 h after infection, however, the amount of labelled RNA bound was similar to the level in uninfected cells. This overall pattern accords with recent work by Honess & Roizman (I973) which indicates that most of the virusspecific polypeptides are synthesized early in infection.
Does the bound RNA contain poly A ?
The fact that the RNA binding to oligo dT-cellulose contained poly A was suggested from the observation that 75 to 8o ~ of the RNA which bound initially would re-bind. This behaviour is similar to that found for' 26 S' mRNA isolated from Semliki Forest virus infected cells (see Methods). Two experiments were done to test whether the RNA that bound to oligo dT-cellulose contained poly A. These were based on two well-known properties of mRNA molecules containing poly A: (i) that this region of the molecule is relatively resistant at moderate ionic strength to the combined action of pancreatic and T 1 ribonuclease (Darnell, Wall & Tushinski, I97t b) and (ii) that 3' deoxyadenosine (cordycepin) largely prevents the appearance of mRNA molecules containing poly A in the cytoplasm of cells (Penman, Rosbash & Penman, I97o; Darnell et al. ~97Ia ).
In the first experiment mRNA was extracted and purified by oligo dT-cellulose from mock-infected, 2 h-infected or 8 h-infected cells, labelled with either [~H]-uridine or [3H]-adenosine. The relative ribonuclease resistance of the RNA was then measured (Table I) . The adenosine-labelled RNA was 2o ~ resistant, a value which agreed closely with that obtained by Bachenheimer & Roizman (I972) . The effect of cordycepin on the production of mRNA was then tested. The percentage of RNA which bound to oligo dT-cellulose from cells normally infected and labelled with [SH]-uridine 2 h after infection was compared to that obtained from cells infected in a similar way but which had been pre-treated with 5o/zg/ml of cordycepin 3o min before labelling commenced (i.e. 65 min after infection). The results are shown in Table 2 . Although there was a significant reduction in total labelled RNA extracted after cordycepin treatment (37 ~ of control), there was a much greater reduction in the amount of RNA which bound to oligo dT-cellulose (6.8 ~ of control). This is a further indication that the RNA which binds to oligo dT-cellulose contains poly A and is probably mRNA. There was limited growth (I8 ~ of control) and thymidine kinase formation (2 9 ~o control) in parallel cell cultures treated in the same way with cordycepin, indicating either that some virus mRNA had been polyadenylated and processed during I h following infection or that the cordycepin block was not complete.
Analysis of mRNA made in infected cells
The mRNA which bound to oligo dT-cellulose at various times after infection (see Fig. 3 ) was analysed on 2"2 ~oo polyacrylamide gels (Fig. 4) . The pattern obtained from infected cells was clearly different from the mock-infected controls (labelled at 2 h and 8 h after infection, respectively). There was an increased rate of synthesis at I h after infection and at 2 h after infection it was possible to distinguish several peaks, although these are not likely to represent homogeneous mRNA species. The general similarity of the profiles obtained from infected cells at different times suggests that RNA molecules of similar electrophoretic mobility were produced throughout infection. This accords with the view that most of the polyadenylated RNA is made early in infection with a maximum rate of synthesis 2 to 3 h Messenger RNA in herpes virus-infecetd cells after adding virus. Fig. 4 does not show RNA of small size since this RNA would have run off the end of gels subjected to electrophoresis for this length of time. Polyacrylamide gel analysis of mRNA was therefore done in similar gels run for a shorter period (Fig. 5) . A class of smaller RNA molecules was demonstrated which were more prominent later in the infection and which did not appear at all in uninfected cells. There were therefore two groups of mRNA molecules containing poly A appearing in infected cells. The synthesis of the larger I8 to 30 S group began soon after infection, reached a maximum at 2 to 3 h and then declined. The synthesis of the smaller 7 to 11 S class, although detectable at 2 h after infection, did not reach its maximum rate of synthesis until later in infection.
It is tempting to argue from this limited data that the larger species represent classical 'early' synthesis (before virus DNA synthesis) and the smaller species 'late' synthesis, particularly in view of the time of onset of virus DNA synthesis in this system. This hypothesis is readily tested by examination of the mRNA molecules produced when virus DNA synthesis is prevented.
Effect of cystosine arabinoside
mRNA was labelled, extracted and purified from infected cells in the presence or absence of 5o #g/ml of cytosine arabinoside (Ara. (2). Under these conditions, no DNA synthesis was detectable by caesium chloride gradient analysis of the DNA extracted from parallel cultures pulse-labelled with [3H]-thymidine in the presence of Ara. C; nor was infectious virus produced. Under these circumstances there was a slight decrease in the amount of total labelled RNA extractable at early and late times but a pronounced decrease in that binding to oligo dT-cellulose, especially early in infection (Table 3 ). The gel analysis of the bound RNA in each case is shown in Fig. 6 . At all times the rate of mRNA synthesis was reduced in the presence of Ara. C. However, the general pattern remained the same and the reduction in the rate of synthesis of the large RNA species and the increase in that of the smaller RNA species at later times followed the same course in treated as in untreated infected cells (Fig. 6) . As far as the polyadenylated mRNA is concerned then, there were no distinct ' early' and ' late' patterns in the classical sense but rather two groups of messenger RNA molecules of different mobilities, the synthesis of which occurs at different times.
Molecular specificity of mRNA
It could be argued that the new mRNA species made after infection of cells with HSV-I are not virus mRNA species but new host mRNA species synthesized in response to infection. This is a particularly important consideration here since the total cytoplasmic mRNA has been analysed rather than polyribosomal mRNA. Rakusanova et al. (~972) , using pseudorabies virus-infected RK cells, found that polyadenylated cellular RNA species of small size accumulated in infected cells but did not have sequences in common with uninfected cell mRNA and did not appear to be associated with polyribosomes. Table 4 shows the hybridization characteristics of mRNA isolated by oligo dT-cellulose chromatography from cells at various times after infection or mock-infection. The majority of the sequences in the mRNA isolated z h after infection were transcribed from herpes virus DNA, although there were still some cellular sequences present. At later times, however, there was an apparent accumulation of RNA sequences transcribed from cellular DNA. It is unlikely that this is due to contaminating ribosomal RNA since the mRNA was selected by oligo dT-cellulose chromatography. Furthermore, there was no evidence of ribosomal RNA in the polyacrylamide gel profiles. It should be emphasized that quantification of the relative 3Io T.J.R. HARRIS AND P. WILDY amounts of virus-specific and cell-specific RNA present is not possible by this type of hybridization. DISCUSSION Silverstein et al. (I973) reported, using hybridization techniques, that 99"3 ~o of the virusspecific RNA early in infection and 93"5 ~ of the RNA late in infection possessed poly A sequences. We have shown directly that there are two classes of polyadenylated RNA in infected cells and that these are different from the polyadenylated RNA synthesized in uninfected cells. The larger ~8 to 3o S RNA species are produced early in the infection and their rate of synthesis reaches a maximum 2 to 3 h after infection. The smaller 7 to II S RNA species also appear soon after infection but their rate of synthesis does not exhibit the decline characteristic of the larger RNA species. It should be borne in mind, however, that incorporation of [~H]-uridine into RNA does not necessarily reflect the rate of RNA synthesis. The membrane hybridization results indicated that there was some polyadenylated cell-specific RNA in infected cell mRNA preparations. Pertinent to this is the report that small 6 to 8 S polyadenylated cell-specific RNA molecules accumulate during infection of RK cells with pseudorabies virus (Rakusanova et al. I972 ) . It should be possible by hybridization of mRNA fractionated by gel electrophoresis to find out the size distribution of both the cell-specific and the virus-specific polyadenylated mRNA.
Various sizes of herpes virus-specific mRNA molecules have been reported over the years. Hay et al. (I966) showed that a virus-specific RNA molecule of 2o S was produced in infected BHK cells. Flanagan (I967) reported that the bulk of the virus-specific RNA detected in infected KB cells sedimented between I2 and 24 S. Roizman et al. (I97O) , summarizing and extending their early herpes virus RNA work using HEp 2 cells, reported that virusspecific RNA, first formed in the nucleus as a large precursor molecule, was found after a IO to I5 min lag on cytoplasmic polyribosomes and had a sedimentation coefficient on sucrose gradients between lo to 4o S. The mobility of the large mRNA species described here is certainly within that range, although the exact size can only be determined using a denaturing or disaggregating gel system.
There have been a number of reports that there are classical 'early' and 'late' events occurring in cells infected with other herpes viruses (Huang et al. I97I ; Rakusanova et al. I97I) . With herpes simplex virus it has been demonstrated, using competition hybridization, that the virus-specific RNA made before DNA synthesis shares sequences with only 3o to 4o ~ of the RNA transcribed after virus DNA synthesis and that blocking DNA synthesis with hydroxyurea prevented the synthesis of late RNA (Wagner, 2972; Wagner, Swanstrom & Stafford, I972) . More recently Swanstrom & Wagner (I974) corroborated the competition data by kinetic analysis. It is difficult to correlate the gel profiles presented here with this work or with the results of Frenkel & Roizman (I972) with which it substantially agrees, since the sequences of mRNA present 'early' and 'late' selected by oligo dT-cellulose have not been analysed. However, it is interesting that the gel profile and the pattern of synthesis of mRNA were similar in cytosine arabinoside treated infected cells to those observed in untreated infected cells. This is consistent with the view that there are no classical 'early' and ' late' controls of transcription but rather purely time-dependent ones. The existence of this type of control has already been reported for polypeptide synthesis (Honess & Roizman, I973) . Moreover it has been shown that all the virus polypeptides made in infected cells are made (in reduced amounts) in cytosine arabinoside treated infected cells (Honess & Roizman, T974) . Also, virus particles lacking DNA are produced in infected cells treated with Ara. C and all the diffusible antigens normally detected are found in such infected cells (Luff, I972 ).
Only the ' abundant' virus-specific RNA molecules which represent at least 90 ~ of the total virus-specified RNA at all times after infection are reported to be polyadenylated (Silverstein et al. I973 ), yet these are transcribed from only 24 ~o of the total virus DNA. In contrast, the putatively non-adenylated 'scarce' RNA (0. 7 to 6.o ~ of the total virusspecified RNA present) is transcribed from 3o ~ of the genome. If this is true, then less than half of the virus-specific mRNA sequences transcribed in infected cells have been analysed in this work, even though this represents by far the major part of the virus-specific RNA present.
